16S ribosomal DNA (rDNA) and 16S-23S internal transcribed spacer rDNA sequence analyses were performed on Mycobacterium farcinogenes and M. senegalense strains and 26 strains of other rapidly growing mycobacteria to investigate the phylogenetic structure of bovine farcy mycobacteria within the M. fortuitum complex. M. farcinogenes and M. senegalense were indistinguishable in their 5-end 16S rDNA but showed both considerable interspecies spacer sequence divergence and a high level of intraspecies sequence stability. A rapid detection assay using PCR and hybridization with species-specific probes was developed. The assay was specific among 46 species other than M. farcinogenes and M. senegalense and correctly identified all M. farcinogenes and M. senegalense strains. PCR-and 16S-23S rDNA sequence-based detection will be a valuable approach for diagnosis of the causal agents of African bovine farcy in cattle.
The chronic infectious disease of zebu cattle known as bovine farcy is endemic to East and Central Africa, notably, Chad, Nigeria, Senegal, Somalia, and Sudan (12, 14, 18) . The disease, which causes great economic loss, was originally thought to be caused by Nocardia farcinica, but it is now clear that Mycobacterium farcinogenes and M. senegalense are the principal, if not sole, causal agents (3, 4, 6, 14) . These closely related species form a distinct 16S ribosomal DNA (rDNA) clade, together with M. fortuitum and M. peregrinum, within the evolutionary radiation encompassed by fast-growing mycobacteria (9) . Members of all four species have a mycolic acid pattern in common (22) ; M. farcinogenes and M. senegalense strains, together with the sorbitol-positive third biovariant of M. fortuitum, have identical 16S rDNA sequences (17, 20) . DNA relatedness, chemotaxonomic, numerical taxonomic, and serotaxonomic data underpin the similarity of bovine farcy strains to M. fortuitum but also confirm the distinction between M. farcinogenes and M. senegalense (1, 2, 11, 14, 15, 21, 22) . Despite the improvements in the classification of these taxa, better diagnostic methods are needed to distinguish between M. farcinogenes and M. senegalense. Strains isolated from animals with bovine farcy can be presumptively identified by using a small number of phenotypic properties based on biochemical and growth tests (14, 21) . There are instances in which the sequences of 16S rDNA genes have been found to be very similar, if not identical, between different species in a genus, making it necessary to find alternative specific sequences. The intergenic 16S-23S internal transcribed spacer (ITS) region is considered to be less prone to selective pressure and consequently can be expected to have accumulated a higher percentage of mutations than the corresponding rDNA (5, 7, 10, 24) . Sequencing of the ITS regions of diverse bacteria indicates that considerable length and primary sequence variation occurs, and this variability has been successfully used to distinguish between closely related mycobacteria, such as those assigned to the M. avium-M. intracellulare complex (5, 7) or to M. gastri and M. kansasii (24) ; representatives of the latter have identical 16S rDNA sequences (23) . These initial investigations have recently been extended to the development of a method for the identification of a broad panel of mycobacterial species, including the closely related, rapidly growing species discussed above, by using either restriction enzymes or species-specific primers (19, 25) . The aim of the present study was to sequence and examine the ITS regions of representative M. farcinogenes and M. senegalense strains in order to determine its potential for differentiating between members of these and related taxa, such as the M. fortuitum complex, and to evaluate probes for the rapid identification of the causal agents of bovine farcy.
The sources, nucleotide sequence accession numbers, and spacer sequevar assignments of the representatives of the 12 rapidly growing mycobacterial species investigated in this study are listed in Table 1 . In addition to these 52 strains that were used for sequencing, a further 174 mycobacterial strains were examined to test for the specificity of the probes described below: (i) 3 (2, 14, 22) . The position of two bovine farcy isolates received as M. farcinogenes (strains M280 and M555) was considered equivocal in the light of data from earlier studies (2, 14) .
Bacterial lysates were obtained and used for PCR amplification of three different ribosomal regions as described elsewhere (24, 25) . i.e., (i) the 5Ј region of 16S rDNA (24), (ii) the complete ITS (7, 24) , and (iii) part of the ITS, with genusspecific primers Sp1 and Sp2 (25) . Both strands of the amplicons obtained from the first two protocols were sequenced as described earlier (24) . ITS amplicons were cloned by using standard procedures provided by a commercial company (Genexpress, Berlin, Germany) for strains that showed interoperon spacer sequence variabilities after a first direct sequencing approach (M. fortuitum strains S336, S312, and S358 and M. . Thereafter, one clone for each strain was sequenced. The ITS sequences were aligned by computer and corrected manually by using DNASIS software (version 2.5; Hitachi Software Engineering Co., Ltd., San Bruno, Calif.). Distance estimation and tree topology determination were done by using the neighbor-joining algorithm (26) , which was applied to distances in accordance with Kimura's two-parameter model (16) with the aid of the TREECON for Windows software (version 3.1b; University of Antwerp, Antwerp, Belgium). Digoxigenin-11-UTP, which was incorporated into amplicons during PCR with primers Sp1 and Sp2, was detected with the PCR-enzyme-linked immunosorbent assay system (DIG-Labeling and DIG-Detection kits; Roche Molecular Biochemicals, Mannheim, Germany). The success of amplification with these genus-specific primers was verified by ethidium bromide-stained agarose gel electrophoresis prior to the detection step. For hybridization, two probes designed on the basis of all of the available spacer sequences were evaluated for specificity, namely, biotin-3Ј-TCAGCCAGCATCTG TAG and biotin-3Ј-AGGAGTCTGTGCGCTGT, as probes for the detection of M. farcinogenes or M. senegalense, respectively. Hybridization was performed at 52°C by using 1 l of the PCR products and following the recommendations of the manufacturer.
The results presented in Fig. 1 show that M. farcinogenes and M. senegalense have identical partial 16S rDNA sequences that distinguish them from representatives of closely related taxa, with the exception of the sorbitol-positive third biovariant of M. fortuitum (strain ATCC 49403); this variant was not included in the present study (the 16S rDNA sequence is shown in reference 17, and its ITS sequence, which differs from that of M. farcinogenes and M. senegalense, has been recently submitted to the RIDOM database [http://www.ridom.de]). In contrast, the interspecies ITS sequence variability of strains of these two species was considerable (sequence similarity of less than 75%), a finding that was already evident from the significant difference in spacer size (Table 1 ) and which is in good agreement with previous PCR-restriction fragment length polymorphism data (25) . The complete ITS sequences of 15 M. farcinogenes strains were identical (sequevar Mfa-A, Table 1 ), although one organism, strain M52, showed a minor intraspecies sequence polymorphism (one base substitution [G224T] at position 95; sequevar Mfa-B). No base differences were found in the ITS sequences of the eight M. senegalense isolates. Hence, these data suggest that ITS sequences can be used as a genetic target with which to differentiate between members of the causal agents of bovine farcy. It was interesting that strains M280 and M555, which had been received as M. farcinogenes, showed ITS sequences characteristic of M. senegalense. Strain M280, which was isolated from a case of bovine farcy in Chad, is known to contain glycolipids that characterize it as a strain of M. senegalense (2, 13) . It is clear from both the present and earlier studies that strain M280 is a bona fide M. senegalense strain. It is also apparent from the present study that strain M255, an isolate from a case of bovine farcy in Somalia, was misclassified as M. farcinogenes. The high ITS sequence divergence previously found among representatives of rapidly growing mycobacteria (25) was confirmed and extended in the present study. It is particularly interesting that the representatives of M. abscessus and M. chelonae, which are difficult to distinguish in routine clinical practice because of their phenotypic similarity and which have the same 16S rDNA sequence within the variable 5Ј region normally used for identification (Fig. 1) , can be distinguished on the basis of their ITS sequences.
The relationships found between all of the test strains based on their ITS sequences are shown in Fig. 2 . The high degree of ITS variability is reflected by the great length of some of the branches, which suggests that the rate of base changes in the ITS may not allow comparison of distantly positioned groups. Strains known to show significant interoperon heterogeneity, such as M. peregrinum, were not sequenced in all of the operons in this study. Hence, the impact of interoperon variability on tree topology remains unknown. Despite these limitations, the association of M. flavescens, M. phlei, and M. smegmatis; M. abscessus and M. chelonae; and M. peregrinum, M. fortuitum, M. farcinogenes, and M. senegalense is in good agreement with the results of 16S rDNA sequencing studies (10, 20) . M. fortuitum strains can be assigned to three groups based on three 16S rDNA signature sequences (Fig. 1) . Thus, the type strains of the two subspecies of M. fortuitum have a sequence in common with one another and with strains S336 and M368, strain S312 has the sequence described for the sorbitol-negative third biovariant M. fortuitum reference strain ATCC 49404 (17) , and strain S358 has a novel sequence that is characterized by one base substitution compared to the sequence of strain S312. The latter two 16S genotypes show the greatest similarity to the sequence of M. porcinum. Strains DSM 46621 T , DSM 44220 T , and M368 from the first genotype formed a tight ITS cluster (Mfo-A to -C), while the members of the two other 16S genotypes showed distinct spacer sequences (Mfo-F and Mfo-G, respectively), which showed a high level of similarity to the spacer sequence of M. porcinum. The remaining organism, strain S336, showed a spacer sequence that occupied an intermediate position between the other two ITS subclusters. These data are also in good agreement with those of previous studies (8, 24) that show that ITS sequences give greater resolution than corresponding 16S rDNA data. The two probes recognized all of the representatives of the respective target species, that is, either M. farcinogenes or M. senegalense, but gave negative results for the representatives of the remaining mycobacterial species (Table 1 and the strains listed in Materials and Methods). These results are very encouraging, as they show that the rapid PCR protocol combined with the specific hybridization is suitable for distinguishing between M. farcinogenes and M. senegalense. This opens up the possibility of detecting the causal agents of bovine farcy directly in clinical material and determining the primary environmental reservoir of these organisms.
Nucleotide sequence accession numbers. The sequences determined in this study have been deposited in the EMBL database under accession numbers Y10384, Y10385, and AJ291580 to AJ291600. The partial 16S rDNA sequences of the M. farcinogenes and M. senegalense strains were deposited under accession numbers Y11581 and Y11582, respectively.
